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Summary  Healthcare  acquired  infections  are  no  longer  conﬁned  to  the  hospital
environment.  Recently,  many  reported  outbreaks  have  been  linked  to  outpatient
settings  and  attributed  to  non-adherence  to  recommended  infection-prevention
procedures.  This  study  was  divided  into  two  parts:  The  ﬁrst  is  a  descriptive  cross-
sectional  part,  to  assess  the  healthcare  personnel’s  knowledge  and  compliance  with
Standard  Precautions  (SP).  The  second  is  an  intervention  part  to  assess  the  role
of  health  education  on  reducing  the  level  of  environmental  and  reusable  med-
ical  equipment  bacterial  contamination.  Assessment  of  the  doctors’  and  nurses’
knowledge  and  compliance  with  SP  was  performed  using  a  self-administered
questionnaire.  Assessment  of  environmental  cleaning  (EC)  and  reusable  medical
equipment  disinfection  has  been  performed  using  aseptic  swabbing  method.  The
extent  of  any  growth  was  recorded  according  to  the  suggested  standards:  (A)
Presence  of  indicator  organisms,  with  the  proposed  standard  being  <1  cfu/cm2.
These  include  Staphylococcus  aureus  (including  methicillin-resistant  Staphylococ-
cus  aureus, MRSA),  Enterococci, including  vancomycin-resistant  Enterococci  (VRE)
and  various  multidrug-resistant  Gram-negative  bacilli.  (B)  Aerobic  colony  count,
the  suggested  standard  is  <5  cfu/cm2. The  effect  of  health  education  interven-
tion  on  cleaning  and  disinfection  had  been  analyzed  by  comparing  the  difference
in  cleaning  level  before  and  after  interventional  education.  Good  knowledge  and
e  found  in  more  than  50%  of  participants.  Primary  screeningcompliance  scores  wer
found  poor  EC  and  equipment  disinfection  as  67%  and  83.3%  of  stethoscopes
and  ultrasound  transducers,  respectively,  were  contaminated  with  indicator  orga-
nisms.  For  all  indicator  organisms,  a  signiﬁcant  reduction  was  detected  after
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eveloping  countries  have  reported  to  have  up  to
0 times  the  risk  of  healthcare  acquired  infections
HCAIs) compared  with  developed  countries  [1].
ealthcare  acquired  infections  are  no  longer  con-
ned to  the  hospital  environment  [2]. Outpatient
are is  deﬁned  as  care  provided  in  facilities  where
atients do  not  stay  overnight.  Recently,  most
atient encounters  are  with  outpatients.  Thus,
nfection prevention  and  control  in  outpatient  sett-
ngs is  critical  [2].
Many  reported  outbreaks  have  been  linked
o outpatient  settings  and  attributed  to  non-
dherence to  recommended  infection-prevention
rocedures  [3].  The  main  mode  of  transmission  of
nfection is healthcare  personnel  (HCP)  [4]. Con-
istent  with  these  data,  ongoing  education  and
raining  of  HCP  on  the  basic  principles  and  practices
or infection  control  (IC),  hygiene  and  environmen-
al cleaning  (EC)  are  critical  [5].  About  one-third  of
ll HCAIs  may  be  prevented  by  adequate  cleaning
f medical  equipment  [6]. Because  the  equipment
sed in  non-critical  settings,  such  as  outpatient
linics, is  less  likely  to  have  standard  cleaning
rotocols than  the  equipment  used  in  the  critical
etting, it  is  more  likely  to  carry  a  large  number  of
icroorganisms.
Infections  with  antibiotic-resistant  bacteria,
ncluding methicillin-resistant  Staphylococcus
ureus (MRSA),  vancomycin  intermediate  S.  aureus
VISA),  vancomycin-resistant  Enterococcus  (VRE),
. difﬁcile,  and  multiple-resistant  Gram-negative
acteria are  well  known  hazards  of  inpatient  care
7].  Recently,  the  rapid  emergence  and  high  preva-
ence of  community-associated  infections  caused
y resistant  microorganisms  such  as  community
cquired-MRSA, VRE  and  C.  difﬁcile  have  been
ecognized in  many  parts  of  the  world.  These  orga-
isms  have  the  potential  to  cause  serious  infections
mong  patients  without  known  risk  factors.  This
ight make  outpatient  clinics  potential  reservoirs
f those  pathogens  [4].
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lence  of  MRSA  was  38.9%  and  16.7%,  of  the  total  S.  aureus
ntervention,  respectively.  Although  27.8%  of  the  total
RE  before  intervention,  no  VRE  isolates  were  detected
fferences  were  signiﬁcant.  Development  and  monitor-
f  infection  prevention  policies  and  training  of  HCP  is
ziz  University  for  Health  Sciences.  Published  by  Elsevier
This  study  aimed  to  assess  the  potential  risk
f outpatient  clinics  at  Fayoum  University  Hospi-
al (FUH)  toward  the  community  via  a  systematic
ssessment of outpatient  HCP’s  knowledge  and
ompliance  with  Standard  Precautions  (SP),  assess-
ent of  EC  and  reusable  medical  equipment
isinfection  and  evaluation  of  the  role  of  health
ducation (HE)  intervention  on  the  improvement
f environmental  cleaning  and  equipment  disinfec-
ion.
ubjects and methods
tudy design
his  study  was  divided  into  two  parts:  The  ﬁrst
as a  descriptive  cross-sectional  part,  to  assess
CP’s  knowledge  and  compliance  with  SP.  The  sec-
nd was  an  intervention  part  to  assess  the  role  of
ealth educational  activity  on  reducing  the  level
f environmental  and  reusable  medical  equipment
acterial contamination.
tudy setting
his  study  was  based  at  the  outpatient  clinics  in
UH. FUH  is  a 245-bed  teaching  hospital  at  Fayoum
overnorate  (population  is approximately  3  mil-
ion). The  average  number  of  patients  visiting  these
utpatient  clinics  is  approximately  13,000/month.
articipants
ull-time  medical  doctors  and  nurses  on  duty  at  one
f the  outpatient  clinics  at  the  time  of  the  visit  were
ncluded  in  the  study.  Participants  who  agreed  to
articipate  provided  their  verbal  informed  consent.
inal data  analysis  did  not  include  incomplete  ques-
ionnaires.  Thirty-four  doctors  and  31  nurses  were
ncluded  in  the  study.
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Study tools
A  self-administered  questionnaire  for  the  assess-
ment of  knowledge  and  compliance  of  HCP  with
SP was  used  and  structured  into  three  sections:
the demographic  characteristics,  knowledge  of  SP
and compliance  with  SP  practice.  The  knowledge
part, which  was  modiﬁed  from  that  advised  by
Tavolacci  et  al.  [8],  included  29  items  covering  7
areas of  SP.  The  degree  of  knowledge  was  measured
using ‘‘Yes’’  ‘‘No’’  or  ‘‘Don’t  know’’  questions  on
each item  being  evaluated.  The  compliance  part
included  20  situations  in  4  different  areas  of  SP.  It
was modiﬁed  from  that  advised  by  Luo  et  al.  [9]  and
included  three  compliance  possibilities  (always,
sometimes and  rarely).  Sixty-ﬁve  out  of  seventy
HCP returned  fully  ﬁlled  questionnaire  with  a  92.9%
response  rate.
Assessment  of  environmental  cleaning  was  per-
formed  at  ﬁve  outpatient  clinics  with  a high
turnover of  patients  being  examined  at  these
clinics: Internal  Medicine,  General  Surgery,  Pedi-
atrics, Tropical  Diseases  and  Gynecology  Clinics.
Sample  collection  was  performed  in  the  mid-
dle of  the  working  day.  No  advance  notice  was
given to  HCP  to  prevent  any  changes  to  routine
practice.
An aseptic  swabbing  and  streaking  technique
was performed  and  the  extent  of  any  growth  was
recorded  according  to  the  suggested  standards  for
microbial sampling  of  the  healthcare  environment
[10].
The ﬁrst  standard: The  presence  of  an  indi-
cator organism,  with  the  proposed  standard  as
<1 cfu/cm2.  These  organisms  include  S.  aureus
(including MRSA),  Enterococci  including  VRE
and various  multidrug-resistant  Gram-negative
bacilli.
The second  standard: The  aerobic  colony  count
(ACC) was  based  on  an  internationally  agreed  ﬁg-
ure. The  suggested  standard  is  5 cfu/cm2 for  hand
contact surfaces.  ACC  =  (cfu/cm2).
Sterile cotton  swabs  immersed  in  1  ml  BHI  broth
were used  to  swab  examination  tables  and  medi-
cation side-tables,  as  indicators  of  cleanliness  of
the clinical  area,  and  doctors’  desks  as  an  indi-
cator  of  the  cleanliness  of  the  non-clinical  area.
Routinely, these  surfaces  were  cleaned  daily,  when
contaminated  with  blood,  body  ﬂuids,  secretions,
or excretions,  and  when  these  surfaces  were  visibly
dirty or  soiled.
Within 1  h  after  sample  collection,  a sterile
pipette tip  was  used  to  add  approximately  100  L
from each  sample  to  blood  agar  plates  (used
for ACC),  mannitol  salt  agar  (for  selection  of  S.
aureus),  MacConkey’s  agar  (for  differentiation  of
e
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ram-negative  bacilli)  and  bile  esculin  azide  agar
for selection  of  Enterococci).
Assessment  of  reusable  medical  equipment
leaning and  disinfection, namely  stethoscopes
nd ultrasound  transducers  as  they  are  the  most
requently  used  medical  equipment  at  the  outpa-
ient settings  and  they  are  the  most  frequently
issed during  disinfection  because  their  risk  as
 source  of  HCAIs  is  underestimated  among  HCP.
outinely,  stethoscopes  and  ultrasound  transduc-
rs were  cleaned  after  each  use.  Stethoscopes
nd ultrasound  transducers  were  randomly  selected
rom the  clinics.  Each  stethoscope  and  ultra-
ound transducer  was  cultured  by  direct  imprint
n blood  agar  and  incubating  the  culture  aero-
ically for  24  h for  ACC  assessment.  Next,  the
urface of  each  stethoscope  and  ultrasound  trans-
ucers was  swabbed  with  a  moistened  sterile
otton swab  immersed  in  1-ml  BHI  broth,  incu-
ated for  24  h for  enrichment  of  indicator  strains
nd then  subcultured  on  selective  agar  plates  as
reviously  described  with  environmental  surfaces
wabbing.
Screening  for  antibiotic  resistant  organisms
sing the  disc  diffusion  method  on  Muller  Hinton
gar (Oxoid,  UK)  [11].
a) Screening  for  MRSA,  using  30  g  cefoxitin  discs
(Oxoid, UK).
b) Screening  for  VRE,  using  Teicoplanin  discs
(30 g)  and  Vancomycin  discs  (5  g)  (Oxoid,
UK).
c) Screening  for  ESBLs  and  AmpC  enzymes  pro-
duction in  detected  Gram-negative  bacteria.
Resistant Gram-negative  isolates  were  fur-
ther identiﬁed  to  species  level  using  the
Microbact (12A)  Gram-negative  identiﬁcation
system (Oxoid,  UK).
ntervention in the study
ealth  education  sessions  (1  h/week)  for  8  weeks
ere given  to  personnel  responsible  for  EC  and
edical equipment  disinfection  at  the  point  of  care
ocations.  Sessions  addressed  the  main  topics  of  SP
nd EC.  Thirty  nurses  and  15  housekeeping  staff
ere trained  in  the  health  education  sessions.  Dur-
ng and  after  the  duration  of  the  education  sessions,
he staff  was  asked  to  adhere  to  surface  cleaning
nd disinfection  guidelines.  Four  weeks  later,  anducation was  performed  by  measuring  the  level
f bacterial  contamination  of  the  environment  and
eusable medical  equipment  using  the  same  proce-
ures previously  described.
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after intervention  was  detected  in  most  clinics  for
selected  organisms,  but  the  cleaning  level  improve-utpatient  clinics:  A  community  potential  hazard  
thical considerations
his  study  was  reviewed  and  approved  by  the
ayoum Faculty  of  Medicine  Research  Ethical  Com-
ittee prior  to  the  start  of  the  work.
uestionnaire scoring system
nowledge  score
 correct  answer  was  given  1  point,  and  a  wrong
nswer or  ‘unknown’  answer  was  given  0  points.
he maximum  possible  score  was  29.  This  score  was
sed to  compare  knowledge  between  groups.  A  cut-
ff point  was  based  on  the  median  value  of  the  total
nowledge  score.  Knowledge  scores  at  or  above  the
edian point  were  designated  ‘‘Good  Knowledge’’
nd those  below  the  median  point  were  designated
s ‘‘Poor  Knowledge.’’
ompliance  score
 score  was  calculated  by  giving  a  score  of  2
oints for  ‘‘always,’’  1  point  for  ‘‘sometimes’’  and
 points  for  ‘‘rarely,’’  resulting  in  a  score  ran-
ing from  0  to  40.  The  cut-off  point  was  based  on
he median  value  of  the  compliance  score.  Scores
t or  above  the  median  point  were  designated  as
‘Good Compliance’’  and  scores  below  the  median
ere designated  as  ‘‘Poor  Compliance.’’  A  logistic
egression  model  was  performed  to  identify  predic-
ors of  good  compliance.
ata analysis
ata  were  analyzed  using  the  statistical  package
PSS version  16.  Comparison  between  groups  was
erformed  using  the  2 test  for  qualitative  variables
nd  t-test,  and  an  ANOVA  test  for  quantitative  vari-
bles. Comparison  between  data  before  and  after
ntervention  was  performed  using  the  Wilcoxon
est for  quantitative  non-parametric  variables  and
he McNemar’s  test  for  paired  qualitative  vari-
bles. A  p  value  <0.05  was  considered  statistically
igniﬁcant.
esults
emographic characteristics of the
articipants
ixty-ﬁve  HCP  completed  the  questionnaire,  39
60.0%) females  and  26  (40.0%)  males,  of  which
1 (47.7%)  nurses  and  34  (52.3%)  doctors.  The
articipants’ age  ranged  from  21  to  56  years  old
mean  ±  SD)  =  (29.45  ±  5.86)  years.  The  years  of
m
S
0
T91
xperience  ranged  from  6 months  to  20  years,
mean ±  SD)  =  (7.07  ±  6.42)  years.  Most  of  the  par-
icipants,  54  (83.1%)  reported  that  they  needed  IC
raining.
nowledge and compliance scores and  their
elationship
able  1  shows  the  mean  knowledge  and  compliance
cores according  to  the  demographic  character-
stics of  the  participants.  Sixty-one  percent  of
he participants  had  good  knowledge  and  55.4%
ad good  compliance  scores.  No  signiﬁcant  differ-
nce in  the  mean  knowledge  score  was  observed
etween these  subgroups  (p  >  0.05).  Factors  asso-
iated with  signiﬁcantly  higher  compliance  scores
ncluded  being  a nurse  (p  =  0.004)  and  having  an
xperience  >6  years  (p  = 0.03).  A  signiﬁcant  associa-
ion between  good  compliance  and  good  knowledge
as found  (p  =  0.039).
Only 36.0%  of  participants  knew  when  to  use
lcohol-based hand  rub  in  contrast  to  80.0%  of
articipants  who  responded  correctly  to  questions
bout hand  hygiene  (HH).  Questions  about  the
isposal  of  sharps  and  use  of  gloves  and  PPE
ere answered  correctly  in  77.0%  and  73.0%  of
atients,  respectively.  Multivariate  logistic  regres-
ion analysis  revealed  that  signiﬁcant  predictors
ssociated with  good  compliance  were  males  versus
emales,  nurses  versus  doctors  and  good  versus
oor knowledge  with  odd  ratios  (OR)  (95%  CI):
.02 (1.07—23.48),  7.2  (1.45—36.12)  and  3.48
1—12.24),  respectively.
nvironmental cleaning/reusable medical
quipment screening results before and
fter intervention
ables  2  and  3  show  that  there  was  a signiﬁcant
eduction in  ACC  after  intervention  in  different
amples at different  clinics.
The distribution  of  the  number  of  positive  and
egative samples  of  S.  aureus,  Enterococci  and
ram-negative  bacteria  before  and  after  interven-
ion according  to  sample  site  is shown  in  Table  4.
or all  indicator  organisms,  a signiﬁcant  reduction
as detected  after  intervention  (p  =  0.00).
The difference  in  cleaning  level  before  andent  was  signiﬁcant  for  Enterococci  at  Tropical,
urgical and  Medicine  Clinics  (p  value  =  0.031,
.031 and  0.000,  respectively).  Data  are  shown  in
able  5.
92  E.M.  Hefzy  et  al.
Table  1  Knowledge  and  compliance  scores  of  participants  according  to  demographic  characteristics.
Variable  Total  knowledge  score  Total  compliance  score
Mean  ±  SD  p  value  Mean  ±  SD  p  value
Sex
M  20.97  ±  4.2 0.874 34.3  ±  4.13
F  21.15  ±  4.7 34.11  ±  4.5 0.84
Age  groups  (years)
20—29  21.8  ±  3.1  0.224  33.8  ±  4.96
30—39  19.8  ±  5.9  35.04  ±  2.9  0.521
≥40  21  ±  1.6  33.7  ±  4.11
Clinic
Surgery  21.26  ±  4.5  0.706  34.5  ±  3.8  0.59
Int.  Med.  20.26  ±  4.8  34.04  ±  4.9
Tropical  21.06  ±  4.3  33.13  ±  2.5
Gynecology  22.3  ±  1.2  35.5  ±  2.9
Pediatrics  21.6  ±  4.4  32.3  ±  5.0
Job
Nurse  20.9  ±  54.0  0.807  35.8  ±  2.9  0.004
Doctor  21.17  ±  3.44  32.88  ±  4.8
Nursing  education
School  19.1  ±  6.7  0.610  35.6  ±  2.7  0.76
Institute  20.85  ±  5.37  35.09  ±  4.9
Years  of  experience
<6  years  19.2  ±  2.7  0.082  33.06  ±  5.03  0.03
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Prevalence of antibiotic-resistant bacteria
Fourteen  MRSA  isolates  were  detected  before  inter-
vention  (38.9%  of  total  S.  aureus  isolates)  compared
to 4  (16.7%  of  total  S.  aureus  isolates)  detected
after intervention.  No  MRSA  isolate  was  detected
in the  Pediatric  or  Tropical  Clinics.
Ten VRE  isolates  were  detected  before  interven-
tion (27.8%  of  total  Enterococcus  isolates).  No  VRE
isolates  were  detected  after  intervention.
Discussion
The  lack  of  knowledge  is  the  major  reason  for
non-adherence to  SP  and  isolation  precautions.
More than  half  of  participants  in  this  study  had
good knowledge  and  compliance  with  SP.  A  sig-
niﬁcant relationship  between  the  participants’
knowledge and  compliance  has  been  found  in  this
study (p  <  0.001).  However,  the  translation  of  the
respondents’  understanding  of  IC  guidelines  into
adherence  to  patient  care  is  sometimes  incon-
sistent [12].  Because  knowledge-base  deﬁciency
among HCP  might  be  attributed  to  a  lack  of  invest-
ment  in  staff  training  or  a  misunderstanding  of
HCP safe  behavior  [13], intensive  education  com-
bined with  strict  supervision  of  HCP  compliance  has
been suggested.  The  ﬁndings  of  this  study  were  in
contrast  with  some  previous  studies,  which
O
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o35.3  ±  3.09
eported  that  long  experience,  profession,  age  and
ex were  signiﬁcant  predictors  of  IC  knowledge
12,14].
A good  understanding  of  HH  regulations,  except
or proper  recognition  for  the  use  of  alcohol-
ased hand  rub,  was  reported  in  this  study.  This
efect  might  be  due  to  the  lack  of  regular  post-
mployment education  on  issues  of  SP  because  only
7.7% of our  participants  had  IC  training.  Most  of  the
articipants  answered  correctly  for  items  related
o the  disposal  of  sharps,  and  use  of  gloves  and
PE. This  ﬁnding  reﬂects  the  high  awareness  of  HCP
bout blood  borne  infections.
According  to  this  study,  the  average  times  of
earing mask  and  goggles  were  found  to  be  rel-
tively low  compared  with  the  times  of  wearing
loves. These  results  could  be  accepted  as  mod-
rate  when  compared  with  those  obtained  from
eveloped  or  developing  countries  about  compli-
nce with  SP.  In  Italy,  during  patient  contact,
earing gloves  was  reported  as  88.6%,  wearing  pro-
ective eyewear  was  35.8%  and  wearing  a  mask  was
5.5% [15]. A  Turkish  study  reported  satisfactory
ompliance with  SP  [16]. In  India,  only  32%  of  par-
icipants  wear  eye  protection  when  indicated  [17].
ther surveys  elsewhere  in  Africa  documented  that
CP often  failed  to  practice  SP  consistently  and
orrectly [18,19].  In  this  study,  the  poor  practices
f HCP  in  some  areas  could  be  related  to  several
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Table  2  Median  and  IQRa of  aerobic  colony  count  (ACC)  according  to  sample  site  before  and  after  intervention.
ACC/sample  site
Transducers  Stethoscopes  Examination  tables  Doctors’  desks  Medication  tables
Before  After  Before  After  Before  After  Before  After  Before  After
Median  17.5  3.5  50.0  2.00  52.00  5.00  180.00  55.0  500.0  100.0
IQR  8.0—50.0 0.0—5.0  8.75—500.0  0.0—2.0  41.25—500  2.5—56.25  72.5—437.5 7.0—115.0  250.0—500  50.0—100
p  value  0.002  0.006  0.004  0.001  0.000
aInterquartile range.
Table  3  Median  and  IQR  of  ACC  according  to  clinic  before  and  after  intervention.
ACC/clinic
Gynecology  Tropical  Surgery  Pediatric  Int.  Medicine
Before  After  Before  After  Before  After  Before  After  Before  After
Median  60.0 10.0 500.0 9.00 180.00 28.0 15.0 1.0 50.0 5.0
IQR 11.75—173.75 0.0—24.25 66.0—500.0 5.0—10.0 66.5—437.5 5.25—87.5 5.0—50.0 0.0—3.0 17.5—500.0 2.0—105.5
p value  0.005  0.026  0.011  0.002  0.000
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Table  4  Number  of  positive  swabs  for  indicator  organism  before  and  after  intervention  according  to  sample  site.
Before  N  (%)  After  N  (%)  p  value
Stethoscopes  (N  =  18)
S.  aureus  12  (66.7)  8  (44.4)  0.125
Enterococci  10  (55.6)  0.00  0.002
Gram-negative  bacteria  12  (66.7)  4  (22.2)  0.008
Transducers  (N  =  12)
S.  aureus 6 (50.0) 2  (16.7) 0.125
Enterococci  10  (83.3) 0.00 0.002
Gram-negative  bacteria 4  (33.3) 0.00 0.125
Examination  table  (N  =  10)
S. aureus  6  (60.0)  6  (60.0)  >0.99
Enterococci  6  (60.0)  0.00  0.031
Gram-negative  bacteria  6  (60.0)  4  (40.0)  0.5
Doctor’s  desk  (N  =  8)
S.  aureus  8  (100.0)  8  (100.0)  >0.99
Enterococci  6  (75.0)  2  (25.0)  0.125
Gram-negative  bacteria  8  (100.0)  4  (50.0)  0.125
Medication  tables  (N  =  6)
S.  aureus  4  (66.7)  0.00  0.125
Enterococci  4  (66.7)  0.00  0.125
Gram-negative  bacteria 6  (100.0)  4  (66.7)  0.5
Total  =  54
S. aureus 36 (66.7)  24  (55.6)  0.00
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Gram-negative  bacteria 36  (66.7)
factors.  In  Egypt,  IC  activities  have  recently  gained
recognition  from  the  leadership.  The  absence  of
appropriate  training  curricula  in  IC  for  HCP  in  hos-
pitals and  medical  training  facilities  could  also  be
an issue.
Compliance  with  standard  and  isolation  pre-
cautions combined  with  active  screening  for
drug-resistant bacteria  in  healthcare  facilities  has
resulted in  a  signiﬁcant  reduction  in  the  endemic
level of  these  bacteria  [20]. An  evaluation  of  the
potential  risk  of  outpatient  clinics  by  screening
of environmental  and  reusable  medical  equipment
contamination with  drug-resistant  bacteria  was  an
objective  of  this  work.
The  baseline  ultrasound  transducer  contamina-
tion rate  was  100.0%  with  a  high  prevalence  of
indicator  organisms.  This  is  in  contrast  with  other
studies  reporting  lower  transducer  contamination
rates [21]  with  no  identiﬁcation  of  pathogenic
bacteria [22]  or  MRSA  isolates  [22,23]. The
observed and  expected  causes  of  non-adherence
to cleaning  and  disinfection  of  reusable  ultrasound
transducers included:  clinicians  who  have  someone
else  cleaning  up  have  different  ideas  about  the  cor-
rect procedure  or  because  clinicians  would  simply
forget.  There  was  a  need  to  review  which  trans-
ducer required  a  high  level  disinfection,  the  area  of
the transducer  that  was  disinfected  and  the  meth-
ods used  for  disinfection.
r
s
i2  (3.7)  0.00
16  (29.7) 0.00
Stethoscopes  were  potential  sources  of nosoco-
ial infection.  In  this  study,  a baseline  assessment
f stethoscopes  found  a 100.0%  contamination  rate.
revious studies  reported  stethoscope  contamina-
ion levels  ranging  from  38.4%  to  100.0%  [24,25].
ducation about  the  value  and  methods  of  stetho-
cope disinfection  caused  a signiﬁcant  reduction
n the  level  of  contamination.  Consistent  with
his study,  the  use  of  70%  isopropyl  alcohol  swab
as the  preferred  and  most  effective  cleaning
gent in  many  earlier  studies  [26]. The  majority
f stethoscopes  examined  in  previous  studies  were
ontaminated  with  Gram-positive  organisms,  pri-
arily Staphylococcus  species  [24,26—28]. These
ndings  were  consistent  with  previous  ﬁndings  of
his study.  No  MRSA  isolates  were  detected  on
tethoscopes in  this  study,  in  contrast  to  17.0%  and
2.0% of  S.  aureus  isolates,  which  were  MRSA  in
ther studies  [24,28]. Uneke  et  al.  [27]  found  that
acterial  isolates  from  stethoscopes  were  resis-
ant to nearly  all  the  antibiotics  tested.  Smith  and
olleagues  [28]  found  that  stethoscopes  from  the
ediatrics  Clinic  were  contaminated  less  frequently
ompared to  those  obtained  from  other  clinics,
hich concurred  with  the  current  ﬁndings.
The hospital  environment  acts  as  a  potentialeservoir because  bacteria  can  persist  on  hospital
urfaces  for  prolonged  periods  of  time.  Contam-
nated hospital  surfaces  could  cross  contaminate
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Table  5  Number  of  positive  swabs  for  indicator  organism  before  and  after  intervention  according  to  clinic  site.
Before  N  (%)  After  N  (%)  p  value
Gynecology  Clinic  (N  =  10)
S.  aureus  8  (80.0)  6  (60.0)  0.5
Enterococci  6  (60.0)  2  (20.0)  0.125
Gram  −ve  bacteria  6  (60.0)  2  (20.0)  0.125
Surgery  Clinic  (N  =  8)
S.  aureus 8  (100.0) 4  (50.0) 0.125
Enterococci  4  (50.0) 0.00 0.125
Gram  −ve  bacteria 8  (100.0) 4  (50.0) 0.125
Pediatric  Clinic  (N  =  12)
S.  aureus  4  (33.3)  2  (16.7)  0.5
Enterococci  6  (50.0)  0.00  0.031
Gram  −ve  bacteria  8  (66.7)  4  (33.3)  0.125
Medicine  Clinic  (N  =  18)
S.  aureus  10  (55.4)  6  (33.3)  0.125
Enterococci  14  (77.8)  0.00  0.00
Gram  −ve  bacteria  8  (44.4)  4  (22.2)  0.125
Tropical  (N  =  6)
S.  aureus  6  (100.0)  6  (100.0)  >0.99
Enterococci  6  (100.0)  0.00  0.03
Gram  −ve  bacteria 6  (100.0)  2  (33.3)  0.125
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she  hands  and  gloves  of  HCP  who  transfer  these
rganisms to  patients  and  high  touch  surfaces,
uch as  the  bed  surface,  bed  rails,  intravenous
ump, supply  cart  and  over-bed  table  [29].  Mon-
toring  disinfection  of  high  touch  surfaces  close
o patients  has  been  recommended  to  reduce  the
revalence  of  HCAIs  [30]. Swab  culture  for  envi-
onmental screening  was  used  in  this  study.  Swab
ultures  are  easy  to  use  but  broad  application  of
his system  is  limited  due  to  cost,  delay  in  analysis,
eed  for  baseline  values  for  comparison  and  the  dif-
culty of  monitoring  multiple  surfaces  in  multiple
ooms.
In the  current  study,  nearly  all  medication  and
xamination  tables  were  contaminated  with  a sig-
iﬁcant reduction  in  ACC  and  the  presence  of
ndicator organisms  after  intervention.  This  is  con-
istent with  ﬁndings  of  previous  studies,  conﬁrming
hat less  than  50.0%  of  surfaces  close  to  patients
ere clean  [31,32].  Doctors’  desks  had  the  highest
ean  ACC  among  swabbed  surfaces.  This  could  be
xplained by  the  use  of  doctors’  desks  as  examina-
ion tables  by  some  clinicians,  particularly  in  the
ediatrics  Clinic.
Among  the  screened  clinics,  the  Surgery  Clinic
ad the  highest  mean  ACC  and  100.0%  of  swabs
ielded both  S.  aureus  and  Gram-negative  bacte-
ia before  educational  intervention.  This  ﬁnding
as reﬂected  the  poor  IC  practice  in  a clinic
hat involves  high-risk  patients.  Pathogens,  such
s MRSA,  VRE  and  C.  difﬁcile,  are  able  to  remain
o
V
aiable  on  dry  surfaces  for  days,  weeks  or  even
onths, which  could  contribute  to  the  transmission
f healthcare-associated  pathogens  [33].
Few studies  have  documented  the  spread  of
RSA or  VRE  in  clinics.  In  the  current  study,
etected MRSA  strains  consist  of  38.8%  of total
. aureus  isolates  with  a  signiﬁcant  reduction
fter intervention  (p  =  0.000).  In  different  published
eports,  hospital  surfaces  contaminated  with  MRSA
aried from  1.0%  to  74.0%  of  surfaces  in  patient
reas [33,34]. Variations  are  dependent  on  the  pres-
nce of  MRSA  colonized  and/or  infected  patients.
n another  study,  CA-MRSA  contaminated  19.0%
f surfaces  in  an  outpatient  clinic  that  cared  for
atients  with  human  immunodeﬁciency  syndrome
35].
Vancomycin-resistant  Enterococci  could  be
irectly  transmitted  from  contaminated  equip-
ent  to  patients  and  have  been  implicated  as
ources  of  several  VRE  outbreaks  [36]. In  the
urrent study,  27.8%  of  total  Enterococcus  isolates
efore  intervention  were  VRE.  This  parallels
revious studies,  reporting  that  0.7—29.0%  of
nvironmental sites  were  positive  in  areas  of VRE
olonized  patients  [37]. However,  our  ﬁndings  were
nconsistent  with  those  obtained  from  more  recent
tudies,  reporting  that  60.0—70.0%  of  the  rooms
f VRE  colonized  patients  were  contaminated  with
RE [33].
This study  also  suggests  that  accessing  an  accept-
bly clean  environment  and  reusable  medical
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equipment  is  a  crucial  issue  that  requires  attention.
This  would  prevent  the  spread  of  antibiotic-
resistant  bacteria  among  HCP  and  patients  at
outpatient  clinics.
Conclusion and recommendation
Based  on  this  study,  we  concluded  that  proper
compliance is  associated  with  good  knowledge.
Bacterial contamination  and  the  prevalence  of
antibiotic-resistant  bacteria  are  high.  This  has
been signiﬁcantly  improved  after  intervention,  but
unfortunately,  it  is  still  lower  than  the  accepted
international levels.  The  development  of  speciﬁc
policies on  the  practice  of  SP  and  training  and
re-training of  HCP  are  highly  recommended  accord-
ing to  the  results  of  this  work.  Finally,  outbreaks
may be  controlled  by  the  combination  of  active
surveillance, contact  precautions  and  antibiotic
restriction.
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